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INTRODUCTION 
Research workers of the Iowa State University Agricul­
ture and Home Economics Research Station are conducting a 
field scale evaluation of conservation tillage management 
systems. Although the results of previous research work 
conducted on plots of 0.02 to 1.00 acre in size have proven 
that corn and soybeans can be grown in Iowa with conserva­
tion tillage systems, field scale evaluation is needed to 
obtain data for machinery performance, machinery management, 
production and economics. 
The machinery field performance parameters which need 
to be measured for this evaluation include operating speed, 
slip, rate of fuel consumption, total fuel consumption, 
area, theoretical field time and total field time. 
Naturally, the reliability of this evaluation depends 
on the accuracy and frequency of the data collected. This 
requires the development of an accurate, high speed data 
collection system that is reliable, simple to operate, does 
not require any major machine alteration, and does not 
interfere with the machine or the operator movement. 
The data collection system was mounted on a model 4430H 
John Deere tractor provided by John Deere Product Engineer­
ing Center at Waterloo, Iowa, for the conservation tillage 
research. The instrumented tractor will also be used for 
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teaching amd the collection of field data for other research 
work by the Agricultural Engineering Department at Iowa 
State University. 
The future plans for the instrumented tractor include 
installation of power performance transducers and a data­
logger. These instruments will be used for printing data 
for field inspection and for recording the data on a tape 
for further analysis which is compatible to the Iowa State 
University computer. These plans require that current 
monitor units be capable of expansion to monitor the power 
transducers and also be capable of interfacing with a data­
logger. 
The John Deere Product Engineering Center has already 
installed and calibrated straingages on the rear axles for 
the rear axles' power measurements. A ten-channel series 
14-10 datalogger, model 817 datacassette and an alpha­
numeric printer were purchased from A. D. Data Systems, Inc. 
The datalogger, although modified by the company, unfortunate­
ly is not performing according to the submitted specifica­
tions. Further modifications will be needed before the data­
logger and the recording system can be used. The axle power 
transducers and the datalogger system will be used during 
phase two of the tractor instrumentation development progreun. 
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OBJECTIVES 
Accurate, reliable data are needed for field scale 
evaluation of the conservation tillage systems in Iowa. 
Machinery performance parameters which need to be evaluated 
include operating speed, slip, fuel consumption, field 
capacity, and field efficiency. 
The objective of this research was to develop a field 
performance data collection system for monitoring forward 
velocity, slip, rate of fuel consumption, total fuel con­
sumption, theoretical field time, and total field time with 
the following system requirements: 
(1) provide accurate, reliable data easily transcribed to 
a data sheet suitable for rapid calculation of field 
performance information; 
(2) reliable under ordinary field conditions; 
(3) should not require major machine alteration; 
(4) does not restrict machine or operator movement; 
(5) easy and simple to operate; 
(6) capable of expansion to include power performance 
parameters; and 
(7) capable of interfacing with a data logger. 
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REVIEW OF LITERATURE 
Field Speed and Slip 
The ASAE Standard (American Society of Agricultural 
Engineers, 1980) defined field slip and speed as: 
Field speed: Average rate of machine travel in 
the field during an uninterrupted period of func­
tional activity. For example, functional activity 
would be interrupted when the plow is raised out 
of the soil. 
Slip: Relative movement in the direction of travel 
at the mutual contact surface of the traction or 
transport device and the surface which supports it. 
Hunt (1977) expressed slip as 
(advance under no-load)- (advance under load) 
(advance under no-load) 
for specified number of drive wheel revolutions. Velocity 
was also used as the basis of slip calculations. Gill and 
Vanden Berg (1968) expressed slip by the following equation: 
S = Ï2JL2 
Vo 
Ro rpmo - R rpm 
^ Ro rpm^ 
where S = slip, 
v^ = velocity of vehicle system at zero slip, 
V = actual velocity of vehicle system, 
RQ = radius of the powered wheel, 
rpmQ = angular velocity of the powered wheel 
R = radius of the unpowered wheel, and 
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rpm = angular velocity of the unpowered wheel. 
Accurate speed and slip measurements have been the con­
cern of many agricultural engineers. Patch (1922) calcu­
lated speed by timing the travel of the tractor over a pre­
determined distance. This simple conventional method of 
determining speed that requires a measuring tape or wheel 
and a stop watch was commonly used to determine average 
field speed per row length (e.g. Bedri, 1979) and to cali­
brate newly developed units. Although the accuracy of this 
method was acceptable in determining average field speed, 
it lacks the sensing of the speed variability during the 
test. It also requires extra time for the distance measure­
ment which was commonly handled by two field personnel. 
Stuchly et al. (1976) modified the method by using a tape 
with holes punched 3 feet apart. One end of the tape was 
anchored to a steel block so as the tractor moves, the tape 
unwound through a photoelectric system that generates a 
pulse every three feet of traveled distance. The frequency 
of the generated pulses was proportional to the ground speed. 
Many researchers used a fifth-wheel instead of the 
tape. The angular velocity of the fifth wheel, assumed 
proportional to the ground speed, was determined by counting 
the number of revolutions or segments of a revolution during 
a prespecified period of time Ohrmann (1979) used a 
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micro-switch activated by a cam to determine the number of 
revolutions of a 10 feet circumference fifth-wheel towed 
behind the implement. Harter and Kaufman (1979) used a 
belt-driven shaft encoder to measure the angular velocity 
of a fifth-wheel trailing the tractor or the implement. A 
set of a magnetic pickup and a slotted steel disk was used 
by Grevis-James and Bloome (1980) on a fifth-wheel to measure 
ground speed. 
The use of the fifth-wheel eliminates the need of a 
second personnel and the time needed for the tape measure­
ment. The accuracy of the fifth-wheel method to determine 
field speed was considered by many researchers acceptable. 
Grevis-Jeunes and Bloome (1980) reported accuracy of the 
fifth-wheel in speed measurement as ±2.2% of full scale 
reading. Stuchly et al. (1976) reported a difference of 
±0.6% between the fifth-wheel and the tape methods to 
determine speed. 
The accuracy of the fifth-wheel method in determining 
the wheel slip was not satisfactory to Ohrmann (1979). He 
noticed measurement variability by the fifth-wheel due to 
change in the ground surface during the slip determination 
of tillage operations. The wheel rolls over untilled 
ground during the no-load run, and over tilled ground during 
the remainder of the test. He then recommended the placement 
of the fifth-wheel in front of the tillage tools to ensure 
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that the wheel rolls on untilled ground for all the runs. 
Grevis-James and Bloome (1980) mounted the fifth-wheel close 
to the tractor front axle and reported wheel slip accuracy 
of ±10.0% of full scale reading (i.e., for the full slip 
scale of 20%, the accuracy was ±2%). They indicated that 
part of the poor accuracy might be due to the calibration 
method used. Summers (1978) reported that the dragging 
effect (negative slip) influenced the behavior of the fifth-
wheel. 
Besides the unsatisfactory slip measurements, the fifth-
wheel had been associated with hindering the free movement 
of the agricultural equipment. Many fifth-wheels were 
damaged by reversing the equipment. 
Many research workers monitored the angular velocity of 
the front wheel for speed and slip determination (Langewish, 
1976; Herron et al., 1977; Summers, 1978; Beppler and Shaw, 
1980; Clark and Gillespie, 1980; Grevis-James and Bloome, 
1980; Smith et al., 1981). The sliding of the front wheel 
under tillage action, as reported by Beppler and Shaw (1980), 
reduced the accuracy of the front wheel method. Summers 
(1978) also reported that the front wheel closely approxi­
mates loaded speed except on extremely loose soil when the 
wheel tends to drag. The development of electronic monitors 
based on microprocessors introduced a fast way of calibrat­
ing the front wheel in the tested field for better accuracy 
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of the front wheel method. The angular velocities of the 
front and rear wheels were measured by similar transducers 
which will be discussed later. 
A speed and slip measurement unit that eliminated the 
physical contact with the soil was the radar unit. The 
transmitter of the radar unit sends continuous signals amd 
the receiver also continuously detects the return signals re­
flected by the target. As the radar unit, mounted on the 
tractor, does not move, the reflected signals detected by the 
receiver will be of the same frequency as the transmitted 
signal. When the tractor moves, the change in the path 
length for the transmitted and the received signal produces a 
change of frequency of the returned signal with respect to the 
transmitted signal. The difference between the transmitted 
and received signal frequencies varies proportionally to the 
radar velocity towards or away from the reflecting target. 
Dickey-john Corporation (1977) developed a microwave 
radar unit, similar to the units used by the police to meas­
ure vehicle speed. The unit is commercially available as 
part of a tractor performance monitor. Stuchly et al. 
(1976) monitored speed by a microwave Doppler transceiver 
Model MA-86656A commercially available from Microwave 
Associates, Inc. Stuchly et al. (1976) compared the Doppler 
radar to a fifth-wheel assembly in measuring the ground speed 
of a tractor on a grass-covered field. The results obtained 
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from the Doppler radar and from the fifth-wheel were gener­
ally in good agreement well within the limit of ±1.5%. 
The no-load advance and velocity of the vehicle were 
generally determined by measuring the peripheral speed or 
the angular velocity of the powered rear wheels of the 
tractor. The peripheral speed was measured by a Doppler 
radar unit similar to the one described earlier for speed 
measurements (Stuchly et al., 1976). 
The angular velocity of the rear wheel has been meas­
ured by many research workers. Ohrmann (1979) had the re­
cording unit mounted on a pickup which was driven beside 
the tractor. The pickup driver was responsible for 
counting the number of the rear wheel revolutions and tim­
ing each run with a stopwatch. The most common method used 
to measure the angular velocity of a wheel was to interrupt 
a signal fed to a counter or a recording unit once every 
revolution or every segment of a revolution of the wheel. 
This method was used to measure the angular velocities of 
both front and rear wheels of the tractor. 
Researchers used different types of switches to inter­
rupt the signal. Langewish (1976) used two double-pole 
double-throw switches triggered by the six bolt holes on 
the inside of the hub of the front wheel and a ring with 
16 equally spaced holes mounted on the rear wheel. Contact 
debouncers were used to eliminate any stray pulses due to 
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arcing across the contacts of the switches. 
A commonly used switch for the determination of the 
wheel angular velocity was the micro switch. Many researchers 
used the micro switch with different means of triggering the 
switch. A 36-tooth sprocket was used by Stuchly et al. 
(1976) to activate a micro switch for the measurement of 
the angular velocity of the tractor rear wheel. Summers 
(1978) triggered the rear wheel micro switch by a disk with 
16 equally spaced circumferential notches so that the switch 
was triggered once every foot of circumference of the rear 
wheel. He also used the six lug-bolt holes on the front 
wheel to activate another micro switch. The pulses from 
each switch were counted during a predetermined period of 
time and then displayed for the slip calculation. 
Williford (1981) used two hubs, each 30 cm in diameter, 
with six evenly spaced indentations along a circle of 12.5 
cm radius. Each hub was mounted on an axle to activate a 
micro switch once every one-sixth of a wheel revolution. 
A cam was used by Ohrmann (1979) to trigger a micro switch 
once every rear wheel revolution. The pulses were recorded 
on an event marker for the calculation of slip. 
The micro switch was used to monitor the angular 
velocity of the power take-off shaft for the slip determina­
tion by Berlage and Buchele (1966), and also by Stuchly et 
al. (1976). The power take-off shaft, when driven by the 
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rear wheels, has an angular velocity proportional to the 
angular velocity of the rear wheels. Berlage and Buchele 
(1966) activated the micro switch by a bolt extended 
through the power take-off shaft. The switch was triggered 
twice for every shaft revolution. 
Another type of switch used to interrupt the signal 
from the control box to measure the angular velocity of 
a wheel was the reed switch. The switch normally stays 
open and is closed by the presence of a magnetic field 
generally provided by a permanent magnet. This method 
eliminated the need for physical contact between the switch 
and the triggering unit which may cause false triggering of 
the switch due to its minimal arm movement and debris and 
clods may damage the micro switch. Extreme care is also 
needed for mounting the micro switch for safe travel both 
forward and backward (Summers, 1978). 
Herron et al. (1977) used permanent magnets mounted on 
the front and the rear wheels to activate two reed switches. 
The pulses from each reed switch were fed to a pocket 
calculator modified for use as a counter. The ratio of 
the number of pulses of the rear to the front wheels was 
first established without load. Then the number of pulses 
from both counters was recorded under the loaded conditions 
to calculate the percentage of travel reduction using the 
following equation: 
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% Travel Reduction = [1 - Floated (R/F) no-loadj ^ 
Loaded 
where F = number of front wheel pulses, and 
R = number of rear wheel pulses. 
Beppler and Shaw (1980) embedded ten horseshoe magnets 
in circumferential cavities of an aluminum disk. Two disk 
units were mounted on both rear wheels to trigger reed 
switches. A third reed switch was also triggered by horse­
shoe magnets mounted on the front wheel. The pulses from 
each of the three reed switches were fed to counters on 
the control box. 
A photoelectric sensing device was used by Smith and 
Fornstrom (1980) to record the drive wheel revolutions in 
increments of one-tenth of a revolution. The photoelectric 
sensing devices were generally not favored in the instrument­
ation of an agricultural tractor as dust, mud, and debris 
tend to block the path of light between the source and the 
receiver. 
The most recent popular transducer used to determine 
the angular velocity of the front and rear wheels of the 
tractor was the magnetic pickup. The magnetic pickup con­
sists mainly of a coil wound on a permanent magnet (Fig. 1). 
The presence and absence of a ferrous material (such as a 
gear tooth) varies the permanence of the magnetic circuit 
and causes a change in the flux. As the flux expands and 
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Figure 1. Operating principle of the magnetic pickup 
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collapses, a voltage cycle develops in the coil (Beckwith 
and Buck, 1973). The AC voltage varies proportional to 
the rate of change of the magnetic flux and generally varies 
proportional to speed. The frequency of the AC signal 
varies proportionally to the angular velocity of a rotating 
object. 
Some magnetic pickups combine the Hall effect type prin­
ciples with solid state circuitry to provide constant 
amplitude logic pulse. This type depends solely on the 
position of the gear tooth or similar ferrous discontinuity. 
Each time a gear tooth passes in front of the pickup, the 
output switches to positive 5 volts. After the gear tooth 
passes the magnetic pickup, the output switches back to 
zero volts, resulting in a square wave output signal. 
The magnetic pickup, being without moving parts, was 
favored over other magnetic transducers for its durability 
and also for its high sensing frequency. 
Many research workers used the magnetic pickup to 
measure the angular velocity of the tractor wheels. The 
major difference between the developed transducers was the 
configuration of the ferrous material used to activate the 
magnetic pickup. 
Dickey-john Corporation (1977) used two magnetic pick­
ups with their tractor performance monitor. One magnetic 
pickup was used to sense the rotating gear teeth which 
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relates to the engine rpm. The other magnetic pickup was 
activated by equally spaced holes on a pair of ferrous 
plates mounted on one of the tractor's rear wheels to 
determine wheel slip. The actual traveled distance was 
measured by a radar unit. 
Grevis-James and Bloome (1980) used slotted steel 
disks to activate two magnetic pickups mounted on a fifth 
wheel and a rear wheel to determine slip. The pulses from 
the magnetic pickups were fed to a frequency-to-voltage 
converters. The two voltage signals were then used to 
create a v^/v value by a division module. The result was 
subtracted from a voltage representing one and a signal 
proportional to the wheel slip was produced. This method 
was described by the following formula: 
S = 1 - — 
V 
where: S = slip, in decimal, 
v^ = voltage proportional to ground speed, and 
V = voltage proportional to the rear wheel peripheral 
speed. 
SED Systems Inc. (1980) produced a tractor monitor 
Model 995 to be used by farmers. The unit uses two magnetic 
pickups activated by flat plates mounted on the front and 
the rear wheels. The pulses from the magnetic pickups were 
fed to the monitor that displays speed in miles or kilometers 
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per hour and slip in percentage as selected among other 
parameters. 
The angular velocity of each rear wheel and the right 
front wheel were monitored by Smith et al. (1981). Three 
magnetic pickups (Dl-MAG Model 58424) from Electro Corpor­
ation were used activated by sprockets. The output of 
each magnetic pickup was converted to voltage by a fre­
quency to voltage converter and then recorded with a 16-
channel analog datalogger. 
Wendte and Rozeboom (1981) used two magnetic pickups, 
one with a fifth wheel and the other mounted along the 
drive coming from the engine. The pulses fj.om the two 
magnetic pickups were fed to a computerized data center 
that stores and displays speed and slip or travel reduction. 
The accuracy of monitoring of the angular velocity of 
the powered rear wheel of the tractor was questioned by 
Stuchly et al. (1976). They reported that the slips of 
the two rear wheels were not the sêune and were not equal 
to the tractor slip unless both drive wheels were locked up 
together. Stuchly et al. (1976) also reported that the slip 
results obtained by monitoring the power take-off shaft 
were in better agreement with the conventional method than 
by monitoring the rear wheel. 
Ohrmann (1979) investigated the slip differential be­
tween the two powered rear wheels of the tractor. His 
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findings were not in agreement with those reported by 
Stuchly et al. (1976). Ohrmann used two counters to measure 
the number of revolutions of the left and right rear wheels. 
The counts after each run were recorded and used to detect 
any differential slip. Ohrmann reported that the differ­
ence between the slips of the two rear wheels were negli­
gible and the angular velocity of one rear wheel was, then, 
measured for the slip determination. 
Fuel Consumption 
The traditional methods of measuring the tractor fuel 
consumption for a specific field operation were either to 
measure the fuel remaining in the fuel tank when the 
original volume was known or to measure the volume of fuel 
, required to fill the fuel tank to the original level. These 
were the methods used by the Nebraska Tractor Test as re­
ported by Chase (1917). Refilling the fuel tank to specific 
level was commonly used by many research workers (e.g. 
Marley, 1960), and the accuracy of this method was acceptable 
for estimating fuel consumption for different field opera­
tions on large scale fields. 
The same concepts were used for short tests with measur­
ing cylinders instead of the main fuel tank. Tompkins and 
Carpenter (1977) used a 1000 millimeter measuring cylinder 
with a resolution of 10 millimeters to evaluate the fuel 
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requirements of different field operations on plots 183 
meters long. The returned diesel fuel from the injectors 
and the injector pump was fed back to the measuring cylin­
der. A fuel pump was used to refill the measuring cylinder, 
and three solenoid valves routed the fuel flow to the 
desired path for normal or test operation (Fig. 2). 
A vertical calibrated steel cylinder with sight-tube 
was used by Beppler and Shaw (1980). The size of the 
cylinder was chosen so that approximately 75 percent of the 
fuel will be used during the test period of 3 to 4 minutes. 
The returned fuel was injected between the cylinder and 
the injector pump. An electric fuel pump was used to fill 
the steel cylinder, and the fuel from the main tank was 
routed for normal or test operation by a directional valve. 
Positive displacement transducers were also used to 
measure the fuel consumption. The transducers were generally 
mounted between the main fuel tank and the carburetor (for 
gasoline) or the injector pump (for diesel). When measuring 
diesel fuel, the returned fuel was either injected to the 
intake line of the injector pump (e.g. Williford, 1981) or 
returned to an intermediate vented fuel tank located between 
the transducer and the injector pump (e.g. Herron et al., 
1977). Some of the research workers cooled the returned 
fuel with a cooling radiator before it was directed to the 
injector pump intake line (e.g. Smith et al., 1981) or to the 
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Fig. 2. Schematic diagram of diesel fuel meter (Tompkins 
and Carpenter, 1977) 
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vented intermediate float tank (e.g. Herron et al.,1977). An 
electric pump connected between the main fuel tank and the 
transducer was also used to overcome the pressure drop 
along the measuring system. 
Research workers used different types of fuel flow meas­
uring transducers. Smith et al. (1981) and Williford (1981) 
used Fluidyne model 1250 fuel meters. The sensing unit of 
this meter was a 4-piston positive displacement transducer. 
A Brooks piston-type fuel flow-meter was used by Herron et 
al. (1977). Clark and Gillespie (1980) measured the fuel 
consumption with a gear-type flowmeter. The flowmeter in­
corporates dual rotating oval gears. One incorporated 
a magnet which actuated a reed switch as it rotated. 
Turbine flow transducers were also used to measure the 
fuel consumption. Herron et al. (1977) and Chongrian (1978) 
used turbine flow transducers from FloScan Instrument Com­
pany Inc. The transducer has a neutrally buoyant rotor that 
spins with the fuel. The rotor has been notched and as the 
rotor spinned, an infrared light begun between a light emit­
ting diode and a photo transistor was interrupted. The 
output pulses have a frequency proportional to the fuel 
consumption rate. The Vortex Flowmeter used by Langewish 
(1976) and Summers (1978) incorporated the same method of 
pulse generation. The output from the V-20A Vortex Flow­
meter was in the form of 5 VDC digital square wave signals 
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proportional to the volumetric flow through the transducer. 
Koertner et al. (1977) determined the fuel consumption 
by monitoring the position of the metering valve with a 
variable impedance transducer and the engine speed with a 
tachometer. He determined the fuel flow delivered by com­
paring the data with fuel pump delivery curves developed 
in the laboratory based on the two measured parameters. 
Although they concluded that this method was a feasible 
means of determining the fuel consumption rate under actual 
field conditions, they recommended the use of highly accu­
rate and reliable electrical monitoring equipment. 
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INSTRUMENTATION 
A John Deere model 4430 H farm tractor was Instrumented 
to monitor speed, slip, area covered by implement, rate 
of fuel consumption, total fuel consumption, theoretical 
field time and total field time. Two magnetic pickups 
with ferrous gears were used to monitor the angular veloc­
ity of the right front and rear wheels. The fuel con­
sumption was monitored with a turbine flow transducer. A 
micro switch was also used to detect the operating position 
of the implement. The outputs of the transducers were 
interfaced to a microcomputer that calculates and displays 
the values of the monitored parameters. 
Wheel Transducers 
Each wheel transducer consists of a stationary mag­
netic pickup and a ferrous gear that turns with the wheel. 
The magnetic pickup outputs a pulse as each gear tooth 
passes the transducer. Each pulse resembles a fixed circum­
ferential distance. One wheel transducer each was mounted 
on the right front and rear wheels. 
Magnetic pickups 
Two Airpax (North American Philips Control Corp.) zero-
velocity magnetic pickups model 087-304-0044 were used. The 
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output of the magnetic pickup depends solely on the posi­
tion of the gear tooth. Each time a gear tooth passes in 
front of the magnetic pickup, the output switches from zero 
to positive 5 volts. After the tooth passes the transducer, 
the output switches back to zero volt, completing one cycle. 
The magnetic pickup has a sensing frequency range from zero 
to 20 KHZ (20,000 cycles per second). 
The magnetic pickup requires a power supply of 5 to 
12 V DC. The output voltage can easily be regulated by se­
lecting the value of the load resistance with the following 
formula: RT X vg 
V = 
o + 2K 
where v^ = transducer output voltage 
R^ = load resistance 
Vg = power supply voltage. 
A 5 V DC power supply was used and the output was compatible 
to the microcomputer without interfacing, as shown in Fig. 3. 
ERROU 
MAGNETIC 
PICKUP 
« GND 
-oDI 1 (2) 
DATA INPUT 
PORT 
Fig. 3. Wheel transducer circuit 
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Gear design 
The number of teeth per gear was determined with the 
objective that every output pulse per second of the front 
wheel transducer represents 0.1 MPH. The traveled distance 
per pulse was calculated: 
Distance per pulse = x 113^ x ^ 
= 1.76 in/pulse 
The distance per revolution of the front and rear wheels 
was divided by this factor to determine the number of teeth 
per gear for the two transducers. 
The distance per revolution of each wheel was deter­
mined by measuring a distance close to 100 feet for com­
plete number of wheel revolutions on hard surface without 
load at speed of 0.5 MPH with the four tires set at the 
recommended air pressure. The distance of 11 revolutions 
of the front wheel was measured four times, resulting in an 
average distance per revolution of 114.575 inches with a 
range of 1.000 inch and standard deviation of 0.0386. A 
gear with 65 teeth was selected for the front wheel trans­
ducer. This gear represents a circumferential distance of 
114.4 inches with an error of -0.153% from the average. 
The seunple size for the rear wheel measurement was 6 
revolutions, also replicated four times. The mean for the 
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rear wheel was 214.7925 inches per revolution with a range 
of 2.46 inches and a standard deviation of 0.1789. A gear 
with 122 teeth was used for the rear wheel transducer which 
represents a circumferential distance of 214.72 inches. 
The front wheel, being the measuring unit of the 
actual traveled distance, was also measured on very loose 
plowed and disced soil. The average distance per revolu­
tion was 124.94 7 inches with a range of 2.00 inches and 
standard deviation of 0.0840 inch. The negative slip of 
9.22% observed by the front wheel on the plowed and disced 
soil was mainly due to the traction failure between the 
tire and the soil. The percentage of the negative slip 
is expected to vary with the degree of soil looseness. 
Three other gears with 67, 69, and 71 teeth per gear 
were selected for the front wheel transducer. The use of 
one of the gears will be determined at the test site. 
High accuracy could also be achieved by using one gear 
and reprogramming the microcomputer to vary the distance-
per-pulse factor for every field and operating condition. 
Currently, at phase I of the tractor instrumentation, only 
the gear selected for the hard surface was implemented. 
Gears with 12 pitch were selected for both trans­
ducers, allowing a maximum air gap of 0.08 inch. Since the 
gear pitch varies inversely with the air gap and the gear 
outside diêuneter, the main consideration for the selection 
Figure 4a. Front wheel transducer 
Figure 4b. Front wheel transducer's mounting 
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Figure 5a. Rear wheel transducer 
Figure 5b. Rear wheel transducer's mounting 
31 
32 
was one with the minimum pitch that permitted the front 
transducer to fit inside the hub of the front wheel. 
Transducer mounting 
The transducer mountings are shown in Figs. 4 and 5. 
The front wheel magnetic pickup was fastened to the spindle 
for continuous monitoring of the gears, even at turns. A 
mounting plate with spacers was used to fasten the gear to 
the front wheel. The rear wheel gear was mounted on the 
rear axle adjacent to the housing, while the magnetic pick­
up was fastened to the housing, as shown in Fig. 5. 
Fuel Transducer 
The fuel flow rate was measured with a FloScan turbine 
flow transducer model 201A (FloScan Instrument Compemy, Inc., 
1980). The transducer has a neutrally buoyant rotor that 
spins with the fuel at a rotational velocity proportional 
to the fuel flow. The rotor movement is sensed when 
notches in the rotor interrupt an infrared light beam 
between a light emitting diode (LED) and a photo-transistor 
causing an npn transistor (Q^) to output a train of square-
wave pulses. The transducer output was interfaced to the 
microcomputer as shown in Fig. 6. For diesel fuel No. 2, 
the transducer has an average K factor (pulses per gallon) 
of 100,000. 
TURBINE FLOW TRANSDUCER 
MODEL 201A 
(FloScan Instrument Company, Inc.) 
r 
IN 4005, SE 1450 
RED +5V 
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'BLACK « GND 
I I 
SE 1450: PHOTOTRANSISTOR 
SD 1440: LIGHT EMITTING DIODE 
Q] : NPN TRANSISTOR 
Figure 6. Fuel flow transducers and interfacing circuit 
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Figure 7. Fuel measurement system 
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The transducer was connected between the main tank 
and the injector pump for measuring the fuel flowing from 
the main tank. Any returned fuel from the injection pump 
and injectors was cooled with a heat exchanger placed in 
front of the tractor radiator and the fuel was returned to 
an intermediate vented float tank, as shown in Fig. 1, down­
stream from the Turbin Flow meter (it was not remeasured). 
Two 12-volt solenoid valves were used to direct the fuel 
flow for normal or test operation. An electric fuel pump 
was used to overcome the pressure drop along the transducer 
system. 
Fuel transducer calibration 
The fuel transducer was calibrated to determine more 
exact value of the transducers' K-value (number of pulses 
per gallon) for No. 2 diesel fuel than the estimate given by 
the manufacturer. The fuel transducer was also calibrated 
to determine its behavior with different fuel flow rates. 
Figure 8 illustrates the arrangement used for the calibra­
tion. 
An electric fuel pump continually supplied filtered fuel 
from the tractor main tank to the constant level tank. The 
excess fuel from the constant level tank was drained back 
to the tractor main tank. A solenoid valve was used to 
direct the path of fuel through the transducer during 
the test and back to the tractor main tank through the 
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Figure 8. Fuel flow transducer calibration system 
Figure 9. Calibration curve for fuel flow transducer 
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return line between tests. An HP counter was used to count 
the pulses from the transducer during the test. The elapsed 
time was measured with a digital stop watch. The rate of 
fuel flow was varied with a manual control valve. The 
valve was adjusted to pass the tested flow rate with a 500 
ml graduated cylinder and stop watch. 
When the fuel was directed through the fuel transducer, a 
few seconds of flow were allowed to insure steady flow. The 
fuel was then diverted to a 1000 ml graduated cylinder at the 
seune time the pulse counter and the stop watch were started. 
The flow was then diverted from the measuring cylinder after 
the accumulation of 800 to 900 ml of fuel. The stop watch 
and the counter were also stopped simultaneously with the 
diversion of fuel from the measuring cylinder. The volume 
of fnel collected, the number of pulses, and the elapsed 
time were then recorded. Five replicates were conducted 
for every fuel flow rate setting. 
The flow rate in cc/sec and the number of pulses (P)/sec 
were then calculated from the recorded data. Figure 9 rep­
resents the fuel transducer behavior from these results. The 
fuel transducer calibration curve illustrates that the rate 
of pulses/cc varies between three distinct ranges of fuel 
rates (0-4, 4.1-16, and 16.1-22.3 cc/sec). The 4.1-16 
cc/sec range was considered as the feasible range of opera­
tion of the instrumented tractor. The mean value of the 
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K-factor for this range of flow rate was found to equal 
96,250 pulses/Gal with standard deviation of 159. 
The output pulses from the fuel transducer have a fre­
quency proportional to the fuel flow rate. This relation­
ship was determined as the following: 
0.1 oal/H = X iiisyui- , 
= 2.6736 pulses/sec 
or 
0.1 Gal/H = 1 pulse/0.3740 sec 
The Tractor Monitor Program utilized this relationship 
to determine the rate of fuel consumption. It accumulates 
the pulse count from the fuel transducer for a period of 
3.740 sec. The count was then divided by 10 to give an 
average rate of fuel consumption. The program determines 
the total fuel consumption by accumulating the pulse count 
from the fuel transducer. Every count of 9626 pulses is 
equivalent to 0.1 Gal. The program accumulates the count 
of 0.1 Gal for the total fuel consumption. 
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Single Board Microcomputer 
A single board microcomputer tractor monitor shown in 
Figure 10 was developed. The microcomputer monitors the 
input of the front and rear wheel transducers, fuel flow 
transducer, implement operating position switch, and 
controls and it manipulates the data and display fuel con­
sumption and field performance parameters. The displayed 
parameters include speed, slip, area covered by implement, 
rate of fuel consumption, total fuel consumption, theoret­
ical field time, and total field time. The microcomputer 
board was developed with the following design requirements: 
(1) provide accurate, reliable data easily transcribed 
to a data sheet suitable for rapid calculation of 
field performance information; 
(2) reliable under ordinary field conditions; 
(3) should not require major machine alteration; 
(4) does not restrict machine or operator movement; 
(5) easy and simple to operate; 
(6) capable of expansion to include power performance 
parameters ; and 
(7) capable of interfacing with a data logger. 
A top-down design procedure as detailed by Camp et 
al. (1979) was used for both the hardware and software 
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" * 
Figure 10. Single board microcomputer (Tractor Performance 
Monitor) 
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development of the single-board microcomputer. Each of the 
hardware and software problems was subdivided into major sub-
tasks which could be independently characterized. Each of 
these major subtasks was further subdivided in a single or 
multiple level segmentation until the entire problem was 
divided into modules simple enough to be designed and de­
bugged as individual entities. As each module of hardware 
and software was developed, it was integrated into higher-
level module corresponding to the original subdivision 
scheme. 
The tractor 12-volt battery was used with two 5-volt 
regulators (3-Ampere capacity) to supply the microcomputer. 
One of the 5-volt regulators was used to supply the displays, 
while the other powered the rest of the board. 
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HARDWARE 
The microcomputer board is comprised of four modules 
that consist of an 8035 microcomputer system, single step 
unit, input/output expansion, and display module. A func­
tional diagram of the microcomputer board is shown in Figure 
11. A description of each module and its functions is 
given below. 
The 8035 Microcomputer System 
The 80 35 microcomputer system is the main control 
module supported by the other three modules. It scans the 
transducers and controls input port, calculates the differ­
ent parameter values and outputs the results to be displayed 
as requested by the controls. The 8035 microcomputer system 
consists of Intel 8035 single chip microcomputer, an Intel 
8212 latch and 2716 EPROM (erasable programmable read-only 
memory). 
The Intel 8035 microcomputer is one of nine members 
of the Intel MCS-48 family of 8-bit single chip microcom­
puters. Three members of this family, naunely 8748, 8048 
and 8035, are interchangeable pin-compatible microcomputers. 
The only difference between the three microcomputers is in 
the program memory. The 8748 is the EPROM version for the 
prototype and preproduction systems. The 8048 with factory-
programmed mask ROM program memory is used for low cost. 
Figure 11. Functional diagram of the Tractor Performance Monitor 
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high volume production. The 8035 is the version without 
memory for use with external program memories. For the 
development of the tractor performance monitor, the 8035 
was used with external EPROM instead of the 8748 since the 
programming means of the 8748 were under development at Iowa 
State University. 
The 8035 single-chip microcomputer is packaged in a 
40-pin pack and requires a single 5-volt power supply. 
The functional diagram of the 8035 microcomputer is shown 
in Figure 12. Table 1 lists a summary of the function of 
each pin of the microcomputer. 
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Figure 12. Functional diagram of the 8035 microcomputer 
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Table 1. Pin description for Intel 8035 microcomputer 
Designation 
Pin* 
Number Function 
VM 20 Circuit GND potential 
Voo 26 Programming power supply; +25V during program, 
+ SV during operation for tx>th ROM and PROM. Lxwr 
power standby pin in 8048 ROM version 
Vcc 40 Main power supply; +5V during operation and 
8748 programming. 
PROG 25 Program pulse (+23V) input pin during 8748 
programming. 
Output strobe for 8243 I/O expander. 
P10-P17 
(Port 1) 
27-34 8 blt quasi-bidirectional port. (Internal Pullup •> 50Kn) 
P20-P27 
(Port 2) 
21-24 
35-38 
8-bit quasi-bidirectional port. (Internal Pullup - 50Kn) 
P20-P23 contain the four high order program counter 
bits during an external program memory fetch and serve 
as a 4-bit I/O expander bus for 8243. 
D0-D7 
(BUS) 
12-19 True bidirectional port which can be written or read syn­
chronously using the RD. WR strobes. The port can aiao 
be statically latched. 
Contains the 8 low order program counter bits during an 
external program memory fetch, and receiyes the ad­
dressed instruction under the control of PSEN. Also con­
tains the address and data during an exterrtai RAM data 
store instruction, under control of ALE, RD, and WR. 
TO 1 Input pin testable using the conditional transfer instruc­
tions JTO and JNTO. TO can be designated as a dock 
output using ENTO CLK instruction. TO is also used dur­
ing programming. 
T1 39 Input pin testable using the JTI, and JNT1 instructions. 
Can be designated the event counter input using the 
STRT CNT instruction. 
m 6 Interrupt Input. Initiates an intemjpt if interrupt is enabled. 
Intemipt is disabled after a reset. (Active low) 
RD 8 Output strobe activated during a BUS read. Can be 
used to enable data onto the BUS from an external 
device. (Active low) 
Used as a Read Strobe to External Data Memory 
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Table 1. Continued 
Pin 
DMlgnaUon Numtor Function 
RESET 4 Input which Is used to Initialize the processor Also used 
during PROM programming and verification. (Active low) 
(Internal pullup « 200Kn) 
WR 10 Output strobe during a BUS write. (Active low) 
Used as write strobe to external data memory. 
ALE 11 Address Latch Enable. This signal occurs once during 
each cycle and is useful as a dock output. 
The negative edge of ALE strobes address into external 
data and program memory. 
PgER 9 Program Store Enable. This output occurs only during a 
fetch to external program memory. (Active Low) 
SS 5 Single step input can be used In conjunction with ALE 
to "single step" the processor through each instruction. 
(Active Low) (Internal pullup - SOOKA) 
EA 7 External Access Input which forces all program memory 
fetches to reference external memory. Useful for emula­
tion and debug, and essential for testing and program 
verification. (Active High) (Internal pullup - lOMn 
on 8048/8049, 8035L, 8039 only) 
XTAL1 2 One side of crystal input for internal oscillator. Also input 
for external source. 
XTAL2 3 Other side of crystal/external source Input. 
Unless otherwise stated Inputs do not have Internal pullup resistors. 
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The microcomputer has resident capabilities that include 
64 words 8-bit wide random access memory (64 x 8 RAM), 27 In­
put/Output (I/O) lines, and interval timer/event counter. The 
data memory can be externally expanded to 320 words, while 
the I/O expansion is virtually unlimited. The external pro­
gram memory can be of a size up to 4,096 words (4K). Figure 
13 shows a functional diagram of the interval timer/event 
counter. As a timer, the unit is progreunmed to connect an 
internal clock to the counter input that increments the 
counter every 80 usee (80xl0~®) with 6 MHz (6x10®) crystal. 
Various delays between 80 ysec (1 count) and 20 msec 
_3 (20x10 ; 256 count) can be obtained by presetting 
the counter and detecting overflow. As an event counter sub­
sequent high to low transitions on pin Tl will cause the en­
abled counter to increment. 
Figure 14 shows the addition of the external program 
memory to the Intel 8035 microcomputer. The 8-bit bus (DBO-
DB7) of the 8035 microcomputer was directly connected to the 
data output lines (Og-O^) of the 2716 EPROM. An Intel 8212 
input/output port was used to latch the least significant 8 
bits of the address provided by the 8035 bus port since the 
bus is not stable during the entire program memory fetch 
cycle. The 8212 uses the address logic enable (ALE) as the 
strobe. The lower half of Port 2 (P20-P23) provides the most 
significant bits of the address. Because these bits are 
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Figure 13. Functional diagram of the timer/event counter 
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Figure 14. Addition of the external program memory 
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stable during the program memory fetch, A8 and A9 of the 
2716 EPROM were connected directly without a latch to P20 
and P21 of the 8035 microcomputer. 
The external access input (EA) was held high to force 
all program memory fetches to reference external memory. 
The Program Strobe Enable PSEN (active low), which occurs 
only during a fetch to external program memory, was con­
nected to the Chip Enable (CË) of the 2716 EPROM. 
Single Step Unit 
A single step module was used to provide a debugging 
capability during the development of the system. In the 
single step mode, the processor can be stepped through the 
program one instruction at a time. The user can therefore 
follow the program through each of the instruction steps. 
Figure 15 shows the implementation circuit of the single 
step function of the 8035 microcomputer. In the run mode, 
SS is held high by keeping the 7474 D-type flip-flop pre­
set (preset has precedence over the clear input). For the 
single step mode the preset is removed, allowing the ALE 
to bring SS low via the clear input, causing the processor 
to enter the stopped state. The momentary push-button was 
used with the debounce latch to clock a 1 to the flip-flop. 
The high input appears on SS only when ALE is high, removing 
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the clear from the flip-flop. In response to SS going 
high, the processor begins an instruction fetch which 
brings the ALE low resetting SS through the clear input, 
causing the processor to again enter the stopped state. 
The single step timing diagram is shown in Figure 16. 
The single step unit was useful in debugging the 
modules of the program. After the program was assembled, 
break points were used with the single step unit to help 
in speeding up the debugging procedures. 
Input/output Expansion 
The Intel 8035 microcomputer has 27 I/O lines grouped 
as three 8-bit ports (Bus, Port 1 and Port 2) and three 
test input lines (Tq, Tj^ and INT) . The designed microcom­
puter board requires seven 8-bit output ports for displays 
and one 8-bit data input port. More I/O ports were also 
considered for future expansion. The expansion was 
accomplished by utilizing the higher part of Port 2 (P24-7) 
with a 74-154 16 to 1 decoder to address up to 16 I/O expan­
sion ports, and the data lines were connected to Port 1. 
Currently 8 I/O ports were used, leaving the board with 
the capability of handling the other 8 I/O ports for future 
expansion. 
Eight Intel 8212 I/O ports were used for the expansion. 
The 8212 I/O port consists of an 8-bit latch with 3-state 
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output buffers along with control and device selection 
logic. The 8212 also includes a service request flip-flop 
for the generation and control of interrupts to the micro­
computer. The logic diagram with the data out truth 
table are shown in Figure 17. The selection logic keeps 
the data out of the port latched unless addressed by the 
central unit to change data out. While the port is ad­
dressed by the central unit, the data out is equal to data 
in. 
Seven of the 8 I/O ports were used to provide the 
display module with latched data to be displayed. The 
eighth I/O port was the data input port. The input word 
and its bit definitions are as follows: 
NEW DIS3 DIS2 S/G IPT FPT RWT FWT 
Bit 0 Front Wheel Transducer Signal 
Bit 1 Rear Wheel Transducer Signal 
Bit 2 Fuel Flow Transducer Signal 
Bit 0-2 0 = low signal 
1 - high signal 
Bit 3 Implement Position Switch 
0 = implement in operating position 
1 = implement is not in operating position 
Bit 4 Stop/Go Switch 
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Figure 17. Functional diagram of the 8212 input/output port 
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0 = continue test program 
1 = stop test progreun 
Bit 5 Display second set of parzuneters 
If Bit 4 is "1", "0" in Bit 5 requests a dis­
play of the second set of parameters. 
Bit 6 Display third set of parameters 
If Bit 4 is "1", "0" in Bit 6 requests a dis­
play of the third set of parameters 
Bit 7 Start New Test 
If Bit 4 is "1", "0" in Bit 7 requests a start 
of new test. 
Figure 18 shows the transducers and controls inter­
facing to the Data Input Port. The figure also shows the 
power supply and the single step circuits and their inter­
facing to the microcomputer board. 
Display Module 
The display module comprised of five displays, each 
display with two or three seven-segment display units as 
depicted in Figure 19. Seven of the eight expansion ports 
were used to provide the seven-segment display units with 
latched data. The Tractor Monitor Program selects the 
parameters displayed on each display. 
The seven-segment display unit consists of a 7448 BCD-
to-7- segment decoder, seven 330-ohms current limiting 
Figure 18. Transducers, controls, and power supply interfacing circuit 
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resistors, and a common cathode light-emitting diode (LED) 
readout as shown in Figure 20. The LEDs are basically 
diodes. In the On Condition, their forward voltage drop 
is around 1.7 volts. This leaves 3.3 volts across the cur­
rent limiting resistors. A number of 330 ohm resistors 
were used to limit the segment current to 10-mA. 
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SOFTWARE 
The Tractor Monitor Program was edited, assembled, and 
programmed in the 2716 EPROM with the HP 64000 development 
system. For a better understanding of the Tractor Monitor 
Program, the program memory and the data memory of the Intel 
8035 microcomputer will be discussed first. 
Program Memory 
The Intel 8035 microcomputer does not have an internal 
program memory, but it is capable of using an external pro­
gram memory with capacity up to 4096 words 8-bit wide. The 
program memory map is depicted in Figure 21. The program 
memory consists of two memory banks, each with 2048 words. 
Any of the memory banks is addressable by SEL RBO(l) in­
struction. The Tractor Monitor Program was loaded in the 
first bank of 2048 word, Bank 0. Bank 0 is automatically 
selected with the Power-ON-Reset. 
There are three locations in the program memory of 
special importance. These locations are: 
(1) Location 0 
Activating the Reset line of the processor causes the 
first instruction to be fetched from location 0. The 
Tractor Monitor Unit has a Power-ON-Reset that acti­
vates the Reset line of the processor with Power ON. 
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Figure 21. Intel 8035 program memory map 
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With Power ON, the first instruction to be executed 
after the processor initialization is stored in loca­
tion 0. A jump instruction to the Initialize Routine 
of the Tractor Monitor Progrêun was stored at locations 
0/ 1, and 2. This causes the processor to service the 
Initialize Routine of the Tractor Monitor Program with 
Power ON immediately after the processor initialization. 
The processor initialization performs the following 
functions: 
1 - sets Progrêun Counter to zero; 
2 - sets Stack Pointer to zero; 
3 - selects Register Bank 0; 
4 - selects Memory Bank 0; 
5 - sets Parts 1 and 2 to Input Mode; 
6 - disables interrupts (Timer and External); 
7 - stops Timer; 
8 - clears Timer Flag; 
9 - clears FO and Fl; and 
10 - disables clock output from TO. 
(2) Location 3 
Activating the Interrupt Input line (INT) of the proces­
sor when the interrupt is enabled causes a jump to sub­
routine at location 3. The Tractor Monitor Program 
does not utilize this capability and it is available 
for future expansion. 
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(3) Location 7 
Interrupt resulting from Timer/Event Counter overflow, 
when enabled, causes a jump to subroutine at location 7. 
The Tractor Monitor Progreun utilizes the Timer/Event 
Counter as a timer programmed to interrupt the proces­
sor every 20 msec to service the Timer Routine of the 
Tractor Monitor Progreunti. A jump instruction to the 
Timer Routine was stored at locations 7, 8, and 9 of 
the program memory. 
Data Memory 
The Intel 8035 microcomputer has a resident data memory 
organized as 64 words 8-bit wide. Figure 22 shows the data 
memory map. The data memory consists of the following four 
segments: 
(1) Bank 0 Working Registers, locations 0-7; 
(2) 8-Level Stack, locations 8-23; 
(3) Bank 1 Working Registers, Locations 24-31; and 
(4) User RAM, locations 32-63. 
Bank 0 and Bank 1 working registers are identical seg­
ments of the data memory. One of the banks is selected at 
a time by executing SEL RBO(l) instruction. The eight loca­
tions in each bank are designated as working registers and 
directly addressable by several instructions (see Instruc­
tion Set at Appendix A). Since these registers are more 
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Figure 22. Intel 8035 data memory map 
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easily addressed, they were used to store frequently accessed 
intermediate results. The DJNZ instruction makes very effi­
cient use of the working registers as down-counters by 
allowing the program to decrement and test the register in 
a single instruction. The first two registers of each bank 
(RO, R1 and RO', Rl') are used as RAM Pointer Registers. All 
locations of the data memory are indirectly addressable 
through either of the RAM Pointer Registers. 
The 8-Level Stack locations 8-23 of the data memory 
are addressable in pairs by the 3-bit Stack Pointer during 
an interrupt or subroutine call. Each pair of the 16 loca­
tions is used to store the 12-bit Program» Counter (PC) and 
the most significant four bits of the Program* Status Word 
(PSW). The PC, PSW and the 8-Level Stack are depicted in 
Figure 23. During Timer Interrupt, the Timer Routine of 
the Tractor Monitor Program* saves the Accumulator contents 
for proper resumption of the interrupted routine upon return 
from the Timer Routine. The 16 locations of the stack 
allow the capability of subroutine nesting up to 8 levels. 
The User RAM segment (32 locations) as well as any other 
location of the three other segments not used for its special 
purpose, are used as general data memory locations indirect­
ly addressable by each of the Pointer Registers (RO, Rl and 
RO', Rl'). 
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TRACTOR MONITOR PROGRAM 
The Tractor Monitor Program consists of three second 
level routines which include Initialize Routine, Monitor 
Routine, and Timer Routine. The Initialize Routine is 
serviced with Power ON or when a new test is requested. 
After the Initialize Routine, the processor services the 
Monitor Routine. The Monitor Routine consists of five third-
level routines. These routines include Test Routine, Speed 
Routine, Slip Routine, Fuel Routine, and Stop Routine. The 
Timer Routine is serviced during the Test Routine, when the 
Timer Interrupt is enabled, every 20 msec. The flow of the 
main segments of the Tractor Monitor Program is presented 
in Figure 24a. The listing of the program is in Appendix B. 
Initialize Routine 
The Initialize Routine is accessible by Power ON or 
request for a new test. The routine clears all the data 
memory, clears all displays, and initializes all counters 
including the Timer Counter. The routine at the end dis­
plays 055 at Display Module No. 5 to visually indicate to 
the operator the end of the initialization routine, and the 
computer is ready to start the test. 
< POWER ON RESET INITIAL­IZATION 
INITIALIZE 
ROUTINE 
SLIP 
ROUTINE 
SPEED 
ROUTINE 
TEST 
ROUTINE 
STORE 
ROUTINE 
FUEL 
ROUTINE 
TIMER 
ROUTINE 
TIMER 
INTERRUPT 
V 
Figure 24a. Flowchart, Tractor Monitor Program 
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Monitor Routine 
Test Routine 
After the Initialize Routine is completed, the proces­
sor services the Test Routine. The Test Routine continually 
reads the Data Input Port and test Bit-5 (Start/Stop switch 
input line) for a low level indcating the start of the test. 
Meanwhile, Display Module No. 5 will be displaying 055. 
As the Start/Stop switch is set to the Start position driv­
ing Bit-5 of the Data Input Port low, the Test Routine 
clears Display Module No. 5, indicating the start of the 
test. The flow of the routine is shown in Figure 24b. 
At the start of the test, the routine enables the Timer 
Interrupt and starts the Timer Counter. The routine then 
reads the Data Input Port and tests Bit-5 for Stop Request. 
A "1" in Bit-5 requests to service the Stop Routine. The 
Stop Request is implemented by turning the Start/Stop switch 
to the Stop position during the test. If a "1" is not de­
tected in Bit-5, Bit 0-2 of the read string (New String) 
will be compared bit-by-bit with the previous data input 
string (Old String) for any signal transition "0" to "1" 
or "1" to "0". 
When a signal transition is detected. Bit 0-2 of the 
Comparison String will be tested sequentially starting with 
Bit 0 to determine the source of a single or multiple 
signal transitions. A "1" in Bit 0, Bit 1, and/or Bit 2 
Figure 24b. Flowchart, Test Routine 
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requests the Test Routine to service the Speed Routine, 
Slip Routine and/or the Fuel Routine, respectively. Each of 
these routines will be serviced immediately after the high 
bit is detected. The following bit will be tested on re­
turn from the serviced routine. After testing Bits 0-2 of 
the Comparison String and servicing the routines accordingly, 
or if a signal transition is not detected, the New String is 
saved as the Old String and a New String will be read from 
the Data Input Port, and the same procedure continues. 
Meanwhile, the processor will be interrupted every 20 msec 
to service the Timer Routine. 
Speed Routine 
When the Test Routine detects a signal transition from 
the Front Wheel Transducer at Bit 0 of the Data Input Port, 
the Speed Routine will be serviced. The flow of the Speed 
Routine is presented in Figure 24. 
The Speed Routine first tests if the transition detected 
by the Test Routine is a trailing edge, "1" to "0"; other­
wise, the Speed Routine will be terminated and the Test 
Routine continues to test Bit-2 of the Comparison String. 
If a trailing edge is detected, the routine decimally incre­
ments the Speed Counter, Average Speed Counters, and the 
Slip Actual Travel Counters. The Speed Routine also decre­
ments the 0.1 Acre Counters and decimally increments the 
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Area Counters when the 0.1 Acre Counters were decremented 
to zero. 
The number of the front wheel transducer output pulses 
per second is equivalent to the speed in 0.1 MPH. The 
Speed Counter accumulates the number of pulses during one 
second to indicate the speed. The Average Speed Counter 
accumulates the number of pulses for 10 seconds, and the 
average over the 10 seconds is displayed. Calculation of 
the average was implemented by omitting the least signifi­
cant decimal digit from the displayed number. 
The area covered by implement is calculated by using 
a constant implement width of 10 feet. Every pulse from 
the front wheel transducer is equivalent to 1.76 inches of 
actual distance travelled. Knowing these two factors, the 
number of pulses per 0.1 acre was found to be 2970 pulses/ 
0.1 acre. This number initialized at the 0.1 Acre Counter 
is decremented with every pulse from the front wheel trans­
ducer when the implement is at the operating position. When 
the 0.1 Acre Counters are decremented to zero, they will be 
re-initialized and the Area Counter will be decimally 
incremented. The Area Counter is cleared only during the 
Initialize Routine, while the Area Display is updated every 
second. 
The Speed Routine also decimally increments the Slip 
Actual Travel Counter with every trailing edge detected from 
Figure 25. Flowchart, Speed Routine 
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the front wheel transducer. The use of this counter will be 
discussed with the Slip Routine, next. 
Slip Routine 
Similar to the Speed Routine, the Slip Routine starts 
with a test for a trailing edge. If the detected transition 
at Bit-1 of the Data Input Port (the rear wheel transducer 
input) is a trailing edge, the Slip Routine continues. 
Otherwise, the Test Routine is resumed by testing Bit-2 of 
the Comparison String. 
When the Slip Routine continues, it decrements the Slip 
Rear Wheel Down Counter and tests its contents for zero. If 
it is not zero, the Test Routine will be serviced; otherwise, 
the Slip Routine reinitializes the counter with 100 counts, 
calculates and displays Slip, and resets the Slip Actual 
Travel Counter. The slip calculation was based on the follow­
ing expression: 
VQ - V 
S = X 100 
or 
^o 
S = - rF(DPP)/T] ^ 
[R(DPP)/T] 
S =  ^  ^ X 100 
where : 
S = slip in percent. 
VQ = velocity of vehicle system at zero slip. 
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79 
V = actual velocity of vehicle system, 
R = number of rear wheel pulses, 
F = number of front wheel pulses, 
DPP = distance per pulse factor = 1.76 inch, and 
T = time. 
By determining Slip every 100 pulses from the rear 
wheel transducer, the slip expression is further simplified 
to the following; 
S = 100 - F 
This formula was implemented by decimally incrementing 
the Slip Actual Travel Counter during the Speed Routine. The 
contents of the counter will then be subtracted from 100 
and the result is displayed every 100 pulses of the Rear 
Wheel Transducer. The flow of the Slip Routine is presented 
in Figure 26. The time of updating the Slip display is 
not fixed, and it depends on the forward speed and slip, 
i.e. at speed of 5 MPH and 15% slip, the Slip display up­
dates every 1.7 seconds. 
Fuel Routine 
The Fuel Routine prepares the values of the rate of 
fuel consumption and the total fuel consumption. Figure 
27 shows the flow of the Fuel Routine. 
The Fuel Routine also tests the transition for a trailing 
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edge. As it detects a trailing edge, it decimally incre­
ments the Fuel Rate counters and decrements the 0.1 Gal­
lon Counters. The Timer Routine divides the contents of 
the Fuel Rate Counters by 10 and displays the result as 
the rate of fuel consumption in 0.1 Gal/H every 3.74 
seconds. The Timer Routine also clears the Fuel Rate 
counters. 
The contents of the 0.1 Gallon Counters will be tested 
after they are decremented. If they were decremented to 
zero, the Fuel Routine resets the 0.1 Gallon Counters with 
9625 counts (pulses/0.1 Gal) and decimally increments the 
Total Fuel Counters. The contents of the Total Fuel Counters 
are displayed during the Stop Mode with the DIS 2 or DIS 3 
switch. For the relationship between the fuel transducer 
pulse and rate of fuel consumption or total fuel consump­
tion, see Fuel Transducer Calibration. 
Stop Routine 
The Stop Routine is serviced when the Start/Stop switch 
is turned to the Stop position during the test. Unlike the 
other routines, the Stop Routine freezes all data acquisi­
tion activities, including the Timer Routine. It then con­
tinually scans the Data Input Port and sequentially tests 
the control bits (Bits 4-7) and proceeds accordingly. Figure 
28 presents the flow of the Stop Routine. 
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The test sequence starts with Bit-4, the Start/Stop 
Bit. A "0" in Bit-4 terminates the Stop Mode and the pro­
gram proceeds with the Test Routine. A "0" in Bit 5 or 6 
directs the Stop Routine to display theoretical time or 
total time respectively at Display Modules 1, 2, and 3. 
In either case, the area operated by implement and the total 
fuel consumption will be displayed at Display Modules 4 and 
5, respectively. Depressing the New Test button drives 
Bit-7 of the Data Input Port low. This also terminates the 
Stop Routine and the Tractor Monitor Program proceeds with 
the Initialize Routine. 
The Stop Routine allows the operator to record the 
data at the end of each test. It also provides the capa­
bilities to eliminate any interruptions not counted for by 
the test. 
Timer Routine 
The Timer Routine provides the real time for the speed 
and the rate of fuel consumption. The routine also pro­
vides two real time clocks for the theoretical time and 
the total time of the operations, as well as time for the 
display updating. Figure 29 shows the flow of the Time Rou­
tine. 
The Tractor Monitor Program utilizes the Timer/Event 
Counter to interrupt the processor and service the Timer 
Figure 29. Flowchart, Timer Routine 
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Routine every 20 msec. The Timer Routine decrements the 
Fuel Timer and tests its contents for zero. A zero indi­
cates a period of 3.74 seconds. When a zero is detected 
in the Fuel Timer, the routine displays and clears the 
contents of the Fuel Rate Counter. The Timer Routine also 
decrements and tests the contents of the 1 Second Counter. 
Every second, the routine decimally increments the Second 
Counter of the Total Time Clock. The Theoretical Time 
Clock will also be decimally incremented if the implement 
is operating (implement at operating position and tractor 
is moving). The routine also decimally increments the con­
tents of the Minutes and Hours Counters of the two time 
clocks as the contents of the preceding counters reaches 
60 counts. 
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DISCUSSION 
The Tractor Performance Monitor System (TPMS) was 
developed, tested and debugged on a bench before it was in­
stalled on the John Deere 4430 H tractor. There were four 
expected problems to deal with after the installation of the 
system on the tractor. These problems and their remedies 
were as follows: 
(1) Electrical noise 
Electrical noise from the tractor electrical system 
was expected to result in erroneous readings. In an 
effort to eliminate this effect, the system was de­
signed to use its own 12-volt power supply. The sys­
tem was completely isolated from the tractor frame, 
and shielded wire was used for all electrical trans­
ducer connections. After installation of the system, 
the only electrical interference detected was during 
the starting of the engine. The engine starter pro­
duces enough noise to generate erroneous readings. 
This was taken care of by operating the Tractor Per­
formance Monitor only after starting the engine. If 
the engine had to be turned off during the test, the 
existing data will be recorded and the monitor will be 
turned off before restarting the engine to continue 
the test. The use of the tractor battery to power the 
Tractor Performance Monitor did not introduce any 
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interference to the system. Eventually the separate 
12-volt power supply was eliminated. 
(2) Vibration 
The microcomputer board was wire-wrapped and all the 
integrated chips and the LED readouts used were mounted 
on sockets. The main concern was that the vibration 
of the tractor in the field might shake loose some of 
the chips and the readouts from their sockets or break 
the wrapping wire. Loosening the transducer mountings 
or their connections was also expected. 
The instrumented tractor was tested in a corn field with 
a chisel plow and a tandem disc harrow for three complete 
days. During the three days, the computer was inter­
rupted three times as the vibration of the tractor shook 
loose the socket connector of the Operator Control 
Switch. This was corrected in the field by releasing 
some of the tension on the cable of wires from the 
computer box and by holding the socket in place by tape. 
Eventually the socket was mounted in a horizontal posi­
tion instead of its previous vertical position. The 
rest of the instrumentation units performed properly 
during the three day test without any malfunctions. 
(3) Field Conditions 
Stalks, debris, dirt and mud were considered as trans­
ducer destructive and malfunctioning weapons. The 
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front wheel transducer was expected to be their main 
target. For this reason, the front wheel transducer 
was physically shielded with a metal plate. Also, all 
the wiring of the transducers was taped to the tractor 
frame. 
All the transducers survived the three-day test without 
malfunctioning. At one time the front wheels as well 
as the dual rear wheels were packed with mud; neverthe­
less, the wheel transducers continued to function, and 
the front wheel shield kept all the mud out of the 
transducer area. Dust was noticed in the transducer 
area after the three-day test. 
LED Readout 
The light emitting diode readouts were not clearly 
visible on sunny days. The operator had to bring the 
eye close to the display to be able to read it. The 
readouts became more visible when dull black shades 
were placed around the displays. Liquid crystal read­
outs are recommended for clear visibility of the 
display. 
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SUMMARY 
The objective of this study was to develop a field 
performance data collection system for monitoring forward 
velocity, slip, rate of fuel consumption, total fuel con­
sumption, theoretical field time, and total field time 
with the following system requirements; 
(1) provide accurate, reliable data easily transcribed 
to a data sheet suitable for rapid calculation of 
field performance information; 
(2) reliable under ordinary field conditions; 
(3) should not require major machine alteration; 
(4) does not restrict machine or operator movement; 
(5) easy and simple to operate; 
(6) capable of expansion to include power performance 
parameters ; and 
(7) capable of interfacing with a data logger. 
A John Deere farm tractor model 44 30 H was instru­
mented to monitor velocity, slip, area operated by imple­
ment, rate of fuel consumption, total fuel consumption, 
theoretical field time and total field time. Two magnetic 
pickups with ferrous gears were used to monitor the angular 
velocity of the right front and rear wheels. The fuel con­
sumption was monitored with a turbine flow transducer. A 
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micro switch was also used to detect the operating position 
of the implement. The outputs of the transducers were inter­
faced to a microcomputer that calculated and displayed the 
values of the monitored parameters. The transducers attached 
to the tractor did not require any major alteration of the 
tractor system or restrict its operation. 
A single board microcomputer tractor performance monitor 
based on Intel 8035 single chip microcomputer was developed. 
The microcomputer monitors the input of the front and rear 
wheel transducers, fuel flow transducer and implement operat­
ing position switch, controls, calculates the data and dis­
play the fuel consumption and field performance parameters. 
The parameters monitored are listed in Table 2. Table 2 
also lists the number of decimal digits displays, resolution, 
and the units of each parameter. The table also lists the 
minimum programmable resolution for every parameter. 
The developed tractor performance monitor has the fol­
lowing expansion capabilities: 
(1) 2048 8-bit words of program memory; 
(2) 256 8-bit words of data memory; and 
(3) virtually unlimited input/output ports. 
With the current state of development of the monitor, up to 
eight 8-bit input/output expansion ports could be implemented 
without any further decoding. The monitor, with its current 
capabilities, could monitor the power performance parameters. 
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Table 2. Displayed parameters and their number of decimal 
displays, resolutions and units 
Parameter 
Number of 
decimal 
digits 
Reso­
lution 
Minimum 
programmable 
resolution 
Units 
Velocity 2 0.1 8 X 10-5  MPH 
Average velocity 2 0.1 8 X 10"^  MPH 
Slip 2 1 Virtually unlimited % 
Area operated 
by implement 
3 0.1 to
 
00
 
X
 
I-
' 
o
 1 
Acre 
Rate of fuel 
consumption 
3 0.1 2.39 X 1 0 "4 gal/H 
Total fuel consump­
tion 
3 
1—1 O
 1.04 X10"^ 
Theoretical field 
time 
6 1 8 X 10"5  Sec 
Total field time 6 1 8 X 10"^  Sec 
An analog to digital converter (ADC) is needed for the 
implementation. 
The interfacing of the Tractor Performance Monitor to 
a binary coded decimal (BCD) port of a data logger could be 
readily implemented. A digital to analog converter (DAC) 
is needed if the Tractor Performance Monitor is to be inter­
faced to an analog port of the data logger. 
The tractor operator could turn the power ON or OFF 
and start or stop the test from the operator switches with­
out restricting his performance. The operator switches were 
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located near the tractor instrument panel for easy reach by 
the operator. 
The instrumented tractor was tested for three days in 
a combine harvested corn field. The tractor pulled a chisel 
plow for half the time and a tandem disc harrow for the rest 
of the time. All the transducers functioned properly with­
out any malfunctioning, even when the tractor wheels were 
packed with mud. The monitor was interrupted during field 
operation as the socket connector of the Operator Control 
Switches was shaken loose. This was corrected by changing 
the place of the socket. 
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APPENDIX A. INSTRUCTION SET SUMMARY 
3 
3 
2 
2 
3 
3 
3 
1 
1 
1 
1 
1 
1 
t 
1 
1 
1 
1 
1 
1 
1 
1 
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INSTRUCTION SET SUMMARY 
OaMTipilofi •VtM Cv«lt 
Add ragisttr to A 
Add data mtmory to A 
Add imm#d*#t# to A 
Add r«9i«tar wmth etrry 
Add det# mtmorv with carry 
Add immédiat# wHh carry 
And ragiMar to A 
And data mamory to A 
And immadiata to A 
Or ra#i*ar to A 
Or data mamory to A 
Or immadiata to A 
EKClwWva Or ragittar to A 
ExcHiawa or data mamory to A 
Cxclutwa or immadiata to A 
Ineramant A 
Oacramant A 
Claar A 
Comptamant A 
Dacima# Adiutt A 
Swap nibbia« of A 
Rota ta A laft 
notata A laft through carry 
Rotata A right 
Rotate A right through carry 
Input port to A 
Output A to port 
And immediate to port 
Or immediete to port 
Input BUS to A 
Output A to BUS 
And immediate to BUS 
Or immediete to BUS 
Input Empender port to A 
Output A to Ewpender port 
And A to Expender port 
Or A to Expender port 
Increment regiiier 
Increment data memory 
Decrement regiater 
Jump uncortditionel 3 
Jump indirect 1 
Oecrememt regitter and jump 3 
Jump on Carry « 1 3 
Jump on Carry *0 3 
Jump on A Zero 3 
Jump on A not Zero 3 
Jump on TO • 1 3 
Jump on TO «0 2 
Jump on T1 • 1 2 
Jump on T1 - 0 2 
Jump on FO « 1 2 
Jump on FI • 1 2 
Jump on I tmer flag si 2 
Jump on INT - 0 2 
Jump on Accumulator Bit 2 
I CALL* 
I RET 
i RETR 
Jump )o aikreutiiM 
Rwurfi 
RMurn and rtnoit «(tin 
cimc 
CPlC 
I CLR FO 
It. CPL FO 
CLRF1 
CFLF1 
OnrCanv 
Cuiii#l#n«mi Cwry 
CInrFlitO 
Cowpltwiw Fl«#0 
CempWwmi Fl«* I 
MOV A.R Mow ragiaiai to A 
MOV A.#R Mena data mamory to A 
MOV A. «data MODO immadlala to A 
MOV R.A Mo«a A to rasiflar 
MOV «R.A Mova A to data mamory 
MOV R. «data Mow immadiat# to raatatar 
MOV #R, «data Mono immadiata to data mamory 
MOV A. FSW MowFfllMloA 
MOVFSW. A MomAtoFSW 
XCH A, R Excbanpa A and ragiatar 
XCHA.M E%ehan#a A and data mamory 
XCHO A. #m Exdiansa nifeMa ot A and raiMir 
Movx A. #m Mowa axtarnal data mamory to A 
MOVX #R. A Mova A to aatarnal data mamory 
MOVP A. #A Mowa to A from currant pa#a 
M0VP3 A. #A Mowa to A from Faga 3 
MOV A. T R«d TinMr/Ceunlar 
MOV T. A lo#d Tkmr/Counw 
STRT T Surt Timtr 
STRT CNT Start Countfr 
STOP TCNT Slop Timar/Coumar 
EN TCNTI EnaWa Timar/Countar Iniarriipt 
OIS TCNTI OiMbta TlmaifCoumtar Intarrupt 
EN I Enabia axMmal intarrupt 
OIS I OmWa amarnal intarrupt 
SEL RBO Sataei ratinar bank 0 
SELRBI Salaet rafiatar bank 1 
SELMBO Salact mamory bank 0 
SELMB1 Salact mamory bank 1 
ENTOCLK Enabta Clock output on TO 
NOP No Oparation 
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APPENDIX B. TRACTOR MONITOR PROGRAM LISTING 
1 
2 
J 
4 
h 
7  î;Î 
9  
1 0 
1 1. 
12 
13 
14 
15 
16 
1 7 
IB 
19 
2'' 
21 
22 
-ï 
24 
25 
26 
27 
28 
2 9  
3')  
31 
•> •) 
33 
34 
35 
36 
38 
3'> 
41, 
41 
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"8048" 
TRACTOR MONITOR PROGRAM 
THIS TRACTOR MONITOR PROGRAM WAS WRITTEN FOR THE 
TRACTOR PERFORMANCE MONITOR (TPM). THE TPM WAS 
BASED ON AN INTEL 8035 SINGLE CHIP MICROCOMPUTER. 
THIS PROGRAM WAS DEVELOPPED TO CARRY THE FOLLOWING 
FUNCTIONS 
SCANS SPEED 
UPDATES 
UPDATES 
UPDATES 
UPDATES 
SECOND 
UPDATES SLIP DISPLAY EVERY 
THE REAR WHEEL TRANSDUCER 
SCANS CONTROLS FOR :-
STAR 
STOP 
5LIP AND FUEL TRANSEDUCERS 
FUEL RATE EVERY 3.74 SECONDS 
SPEED AND TOTAL AREA EVERY SECOND 
AVERAGE SPEED EVERY 10 SECONDS 
OPERATING TIME AND REAL TIME EVERY 
100 PULSES FROM 
TEST 
TEST 
RESUME TEST 
DISPLAY OPERATING TIME 
DISPLAY REAL TIME 
NEW TEST 
;PROGRAM INTTIALIZATION 
SL IPA 
SPEEDA 
AREA 
FUEL A 
TFUEL 
TMRTIM 
TOTTIM 
AVRSPD 
SAVE 
EOU 
L: f'li 1 
32 
33 C.. W U 
FQU 34 
EQU 36 
1: WU 30 
EOU 4 0 
EO'i 43 
EOU 46 
EOU 47 
ORG 0 00 OH 
JMP INIriA 
ORG 0 0 07H 
JMP TIMER 
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42 
41 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
56 
57 
58 
59 
6 0  
61. 
62 
6 3 
6'1 
65 
/'.i 6 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
INITIALIZE ROUTINE 
INITIA 
CLEAR 
ORG 
SEL 
CLR 
MOV 
MOV 
MOV 
DJNZ 
ANL 
ANL 
ORL 
ORL 
ORL 
ANL 
ORL 
ANL 
ORL 
MOV 
MOV 
MOV 
MOV 
SEL 
MOV 
MOV 
MOV 
MOV 
MOV 
MOV 
SEL 
ANL 
ORL 
MOV 
OUTL 
001 OH 
RBO 
A 
T,A 
R0,*63 
@RO,A 
RO,CLEAR 
PI,*00H 
P2,*0FH 
P2 
P2 
P2 
P2 
P2 
P2 
P2 
R1 
*10H 
*30H 
• 7 OH 
#2FH 
,*60H 
*4FH 
,#50H 
, • 1  0  
R5,*165 
R6,*18 
R7,»l0 0 
RBI 
R2,#187 
R3,#50 
R4,*175 
R5.*55 
R6,#10 
R7, !H 0 
RBO 
P2 ,•01-H 
P2 ,, #10H 
A.*55H 
PI,A 
INITIALIZE TIME COUNTER 
CLEAR ALL DATA MEMORY 
CLEAR ALL DISPLAYS 
INITIALIZE AVERAGE SPEED 
10 PULSE COUNTER 
INITIALIZE 0.1 ACRE 1ST & 
2ND COUNTERS 
FOR 10 FT.MACHINE WIDTH 
INITIALIZE 
COUNTER 
INITIALIZE 
1,0 SECOND 
INITIALIZE 
REAR WHEEL SLIP 
3.74 SECOND & 
TIMERS 
0.1 GALLON 
AND 2ND COUNTERS 
INITIALIZE 10 SECOND 
COUNTER 
INITIALIZE FUEL RATE 10 
PULSE COUNTER 
DISPLAY 055 AT DISPLAY 
MODULE NO. 5 TO INDICATE 
END OF INITIALIZE ROUTINE 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
9 0 
91 
92 
93 
94 
95 
96 
97 
98 
99 
I (H) 
I 0 1 
I 0 2 
1 03 
I 04 
.1.05 
1 0 h 
1. 07 
08 
109 
.1. 1 0 
111 
112 
M 3 
1 4 
I. i 5 
1 1 6 
•I 1 '7 
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TEST ROUTINE 
STEST AMI P2,*0FH 
ORL P2,*0B0H CHECK FOR START TEST 
ORl. PI,#0FFH SIGNAL 
.IN A.PI 
JB4 STEST 
A NI... P2,#0FH CLEAR DISPLAY MODULE NO. 5 
ORL P2,llOH TO INDICATE START OF TEST 
ANl. PI,*00H 
EN TCNTI ENABLE TIMER INTERRUPT 
STRT T START TIMER 
TEST ANL P2,#0FH READ DATA INPUT PORT 
ORL P2,*0B0H 
ORL PI >i-OFFH 
IN A,PI 
MOV R2,A 
JB4 STOP CHECK FOR REQUEST TO STOP 
CONT CI...R RO 
JB:' MOPR 
CPL FO SET F1 IF IMPLEMENT NOT 
MOPR MOV A >R2 OPERATING 
ANL A,*07H MASK ALL CONTROL BITS 
MOV R2,A 
XRL A,R3 CHECK FOR SIGNAL LEVEL 
/ TRANSITION; OTHERWISE JZ TEST CONTINUE TESTING 
MO'.' R4 , A SAVE STRING 
JBO SPEED IF BIT 0=1,SERVICE SPEED 
TSTSLP MOV A,R4 ROUTINE 
JBL SLIP IF BIT-l-l.SERVICE SLIP 
TSTI-UL MOV A,R4 ROUTINE 
JB2 FUEL IF BIT-2=1,SERVICE FUEL 
; ROUTINE 
FINISH MOV A,R2 SAVE THE NEW STRING OF THIS 
MOV R 3 , A TEST AS THE OLD STRING OF 
J MP TEST THE NEXT TEST 
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1 1.8 ) SPEED 
119 
120 SPEED MOV A,R3 
121 ANL A,*01 
122 JZ TSTSLP 
123 MOV RO,»SLTPA 
124 CALL DECINC 
1 ?5 DJN7 Rl,SPDIN 
1 2 b MOV Rl,*10 
R0,*AVkSPD 1 27 MOV 
128 CALL DECINC 
1. 29 SPDIN MOV RO,*SPEEDA 
130 CALL DECINC 
131 
132 JFO TSTSLP 
1 33 DJNZ RS,TSTSLP 
134 MOV R5,*165 
135 DJNZ R6,TSTSLP 
1 36 MOV R6,#18 
137 MOV RO,*AREA 
1 38 CALL DECINC 
139 JNZ TSTSLP 
140 INC RO 
141 CALL DECINC 
142 J MP TSTSLP 
143 
144 
• 
SLIP 
145 
146 SLIP MOV A.R3 
147 fNL A,1-02H 
1 48 JZ TSTFUL 
1 49 DJNZ R7,TSTFUL 
150 MOV R7,*l0 0 
1 51 ANL P2,*0FH 
1 52 MOV R0,*SLIPA 
153 CLR A 
154 XCH A, PR 0 
1 55 ADD A,#101 
156 CPL A 
157 CLR C 
158 ADDC A,*00 
159 DA A 
160 OUTL PI,A 
! 61 OKL P2,*60H 
•1 62 
163 
JMP TSTFUL 
CHECK FOR TRAILING EDGE 
DECIMALLY INCREMENT SLIP 
ACTUAL TRAVEL COUNTER 
COUNT TEN INPUT PULSES 
RESET 10 PULSES COUNTER 
DECIMALLY INCREMENT 
AVERAGE SPEED COUNTER 
DECIMALLY INCREMENT SPEED 
COUNTER 
CHECK IF MACHINE OPERATING 
DECREMENT AND TEST 0.1 ACRE 
FIRST COUNTER 
DECREMENT AND TEST 0.1 ACRE 
SECOND COUNTER 
DECIMALLY INCERMENT TOTAL 
AREA (LOWER DIGITS) 
DECIMAL INCERMENT TOTAL 
AREA (HIGHER DIGITS) 
CHECK FOR TRAILING EDGE 
DECREMENT THE SLIP REAR WHEEL 
DOWN COUNTER 
CLEAR SLIP COUNTER 
CALCULATE SLIP IN PERCENT 
(100-F) 
DIPLAY SLIP AT DISPLAY MODULE 
NO, 2 
I 64 
165 
1 6 6 
167 
1 68 
1 A<? 
' / n 
1 " 1 
1 "2 
r ' 3  
4 
i'"j 
176 
•t '77 
178 
179 
180  
1 81 
1 82 
183 
184 
1 85 
1 86 
187 
1 88 
189 
190 
191 
I 9? 
1 1 
1 <4 
I 9'-, 
I ' A':, 
197 
198 
1 
2 n 0 
2W2 
203 
?04 
20 5 
206 
207 
200 
209 
210 
211 
105 
• FUEL ROUTINE 
FUEL MOV A,R3 CHECK FOR TRAILING EDGE 
ANL A.*04H 
JZ F I.NISH 
S'IL RBI 
IVTN/ R7,TOTAL COUNT TEN INPUT PULSES 
MOV R7,*10 
MOV RO ,#FUf: LA 
L A L !.. DEC INC DECIMALLY INCREMENT FUEL 
JNZ TOTAL RATE (LOWER DIGITS) 
INC RO 
CAL L DEC INC DECIMALLY INCREMENT FUEL 
RATE (HIGHER DIGITS) 
TOTAL D J N 7  R4,OUTF DECREMENT AND TEST 0,1 
MOV R4,*175 GALLON 1ST DOWN COUNTER 
I) JNZ R5, OUTF DECREMENT AND TEST 0.1 
MOV R5. *55 GALLON 2ND DOWN COUNTER 
MOV RO,#TFUCL 
CALL DECINC DECIMALLY INCREMENT TOTAL 
JNZ OUTF FUEL (LOWER DIGITS) 
INC RO 
CALL DEC INC DECIMALLY INCREMENT TOTAL 
OUTF SEL RBO FUEL (HIGHER DIGITS) 
JMP FINISH END OF SIGNAL TESTING 
; STOP ROUTINE 
ORG OOFEH 
STOP STOP TCNT STOP TIMER 
DIS TCNTI DISABLE INTERRUPT 
HALT ANL P2,$0FH 
OWL P2,*0B0H 
ORL PI,#OFFH 
:i: N A, PI READ DATA INPUT PORT AND TEST 
CPL A CONTROLS 
MOV RO ,*SAVE SAVE INPUT STRING 
MOV eRO,A 
JB4 OUT IF BIT 4=0 TERMINATE STOP 
JB5 DISTHR ROUTINE; OTHERWISE IF BIT 5=0 
> DISPLAY THEORETICAL TIME 
TSÎTOT JB6 DISTOT IF BIT 6=0 DISPLAY TOTAL TIME 
TSTNEW JB7 NEW IF BIT 7=0 START NEW TEST 
CPL A 
JB4 HALT IF BIT 4=1 CONTINUE STOP 
OUT EN TCNTI MODE; OTHERWISE, ENABLE 
STRT r TIMER INTERRUPT AND START 
JMP CONT TIMER & RESUME TEST ROUTINE 
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212 DISTHR MOV RO,*THRTIM DISPLAY THEORETICAL TIME,AREA 
213 C A1... L FINDIS OPERATED BY IMPLEMENT AND 
214 MOV RO,*SAVE TOTAL FUEL CONSUMPTION 
215 MOV A,eRO RECALL INPUT STRING 
216 JMP TSTTOT 
217 DISTOT MOV RO,*TOTTIM DISPLAY TOTAL TIME,AREA 
218 CALL FINDIS OPERATED BY IMPLEMENT AND 
219 MOV RO,*SAVE TOTAL FUEL CONSUMPTION 
220 MOV A,PRO RECALL INPUT STRING 
221 JMP TSTNEW 
222 NEW JMP INITIA START NEW TEST 
2 2 3 
224 J TIMER ROUTINE 
225 
226 TIMER EN TCNTI ENABLE TIMER INTERRUPT 
227 SEL RBI 
228 MOV R1 ,A SAVE THE ACCUMULATOR CONTENTS 
229 DJNZ R2,OPTIME DECREMNT AND TEST FUEL TIMER 
230 > FOR 3.74 SECONDS 
231 MOV R2,*187 RESET TIMER 
232 MOV RO,*FUELA DISPLY FUEL RATE 
23? ANL P2,*0FH 
234 ORL P2,*10H 
235 CALL DISPLY 
236 MOV @R0,#00 
237 INC RO 
238 ANL P2,#0FH 
239 ORL P2,#20H 
240 CALL DISPLY 
241 MOV SRO,#00 
242 ANL P2,*0FH 
243 OPTIME DJNZ R3,0UTT DECREMENT AND TEST 1.0 SECOND 
24 4 MOV R3,*50 TIMER,RESET IF 1.0 SECOND 
245 JFO RELTIM CHECK IF MACHINE OPERATING 
246 MOV RO,#SPEEDA CHECK IF TRACTOR IS MOVING 
247 MOV A,@RO 
243 ANL A,iOFEH 
24 9 JI RELTIM 
25» MOV RO,*THRTIM 
251 CALL TIMINC DECIMAL INCREMENT THEORETICAL 
2'5 P JNZ RELTIM TIME,SECONDS AND CHECK FOR 60 
253 SECONDS 
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254 MOV PRO. A RESET SECONDS COUNTER 
255 INC RO 
256 CALL TIMINC DECIMAL INCREMENT THEORETICAL 
257 JNZ RELTIM TIME,MINUTES AND CHECK FOR 60 
258 ; MINUTES 
259 MOV eRO,A RESET MINUTES COUNTER 
260 INC RO 
261 CALL TIMINC DECIMAL INCREMENT THEORETICAL 
262 ; TIME,HOURS 
263 RELTIM MOV RO,*TOTTIM 
264 CALL TIMINC DECIMAL INCREMENT TOTAL TIME, 
265 JNZ OUTD SECONDS AND CHECK FOR 60 
266 MOV eRO ,A SECONDS RESET SECONDS COUNTER 
267 INC RO 
268 CALL TIMINC DECIMAL INCREMENT TOTAL TIME, 
269 JNZ OUTD MINUTES; CHECK FOR 60 MINUTES 
270 MOV eRO,A RESET MINUTES COUNTER 
271 INC RO DECIMAL INCREMENT TOTAL TIME, 
272 CALL TIMINC HOURS 
273 OU TD MOV RO,#SPEEDA 
2/4 ANL P2,*0FH 
275 ORL P2,#70H 
276 CALL DISPLY DISPLAY SPEED 
277 MOV eRO,*00 RESET SPEED COUNTER 
278 MOV RO,*AREA 
279 ANL P2.#0FH 
280 ORL P2,*30H 
281 CALL DISPLY DISPLAY AREA 
282 
283 
INC 
ANL 
RO 
P2,*0FH 
284 ORL P2,»40H 
205 CALL DISPLY 
286 ANL P2,#0FH 
287 DJNZ R6,0UTT DECREMENT AND TEST 10 SECONDS 
288 MOV R6,#l0 COUNTER AND RESET IF 10 
2H9 ORL P2,*50H SECONDS 
290 MOV R0,*AVRSPD DISPLAY AVERAGE SPEED 
291 CALL DISPLY 
292 MOV eRO,*00 RESET AVERAGE SPEED COUNTER 
293 ANL P2,*0FH 
294 OUTT MOV A,R1 
295 SEL RBO 
296 RETR 
297 
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2 98 ; DECIMAL INCREMENT SUBROUTINE 
299 
3 0 0 DEC INC MOV A,PRO ADD ONE TO THE CONTENTS OF 
301 CLR C THE LOCATION IN THE DATA 
3 02 ADDC A,*01 MEMORY POINTED TO BY RO AND 
3 0 3 DA A DECIMAL ADJUST THE: RESULT 
3 0 4 MOV @RO,A 
305 RETR 
306 
30 7 DISPLAY SUBROUTINE 
308 
3 09 DISPLY MOV A,@RO DISLAY CONTENTS OF THE DATA 
31. 0 OUTL PI ,A MEMORY POINTED TO BY RO 
31 1 RETR 
31.2 
313 ; FINAL DISPLY SUBROUTINE 
31. 4 
315 FINDIS ANL P2,*0FH DISPLAY THEORETICAL TIME OR 
316 ORL P2,*50H TOTAL TIME,AREA OPERATED BY 
317 CALL DISPLY IMPLEMENT AND TOTAL FUEL 
31 e INC RO CONSUMPTION 
3 1 9 ANL P2.*0FH 
320 ORL P2,#6 0H 
3?1 CALL DISPLY 
322 INC RO 
323 ORL P2,*70H 
324 CALL DISPLY 
3P5 MOV RO ,#ARtTA 
326 ANL P2,*0FH 
327 ORL P2,#30H 
328 CALL DISPLY 
329 INC RO 
330 ANL P2. IM)FH 
33 :  HRL P2,*40H 
<32 CALL. DISPLY 
333 MOV RO.tTFULL 
334 ANL l '2 ,*0FH 
'J  / ORL P2,#1OH 
336 CALL DISPLY 
337 INC RO 
33(;  ANL P2,  >M)FH 
3.19 ORL P2,*20H 
340 CALL DISPLY 
34 .1  RETR 
342 
.M3 
Iû9 
34.1 : DECIMAI. INCREMENT TIME SUBROUTINE 
3^5 
/46 r iMINC M O ' '  A,PRO A D D  ONF TO THE CONTENTS OF 
1^7 C!Jy C THE TIME LOCA I  ION IN THE DATA 
3^8 AD DC A.'101 MEMORY ADDRESSED BY RO,AND 
3 49 DA A COMPARE IT WITH 60 
MOV @RW.A 
3": I A.'voOH 
R F""R 
